ABSTRACT. The purpose of this study was to assess the role of fleas for transmission of Bartonella species among wild rodents in Japan. Flea samples were collected from wild rodents and examined genetically for Bartonella infection. Bartonella DNA was detected from 16 of 40 (40.0%) flea samples. Sequence analysis demonstrated that 3 of 16 (18.8%) of the Bartonella-positive animals were infested with fleas from which the closely related Bartonella DNA sequence was detected, indicating that the fleas acquired Bartonella from the infested rodents. The DNA was detected in hemolymph, the midgut and the ovary (only in female), indicating that Bartonella might be colonized through the midgut and distributed into the body.
The genus Bartonella is comprised of aerobic, fastidious, gram-negative, slow-growing bacteria that can be isolated from the blood of many mammalian species. A variety of Bartonella species have been isolated from wild rodents. Several reports have indicated that Bartonella species are widely distributed at a high frequency among wild rodents around the world [4, [12] [13] [14] 28] . Notably, four rodent-associated Bartonella species, B. elizabethae, B. grahamii, B. vinsonii subsp. arupensis and B. washoensis, have been suspected to cause an endocarditis [9] , neuroretinitis [16] , bacteremia, fever and endocarditis [27] and cardiac disease [5, 18] in humans, respectively.
Bloodsucking arthropods are involved in the transmission of Bartonella species among their host animals. The sandfly, human body louse and cat flea play roles in the transmission of B. bacilliformis [15] , B. quintana [24] and B. henselae [8] , respectively. The DNA of Bartonella species has been detected in fleas on wild rodents, suggesting a potential role as a vector in the transmission of Bartonella species among animals [3] . Supporting this, experimental transmission of B. grahamii and B. taylorii by rodent fleas (Ctenophthalmus nobilis) has also been reported with a vole model [6] . Effective transmission of the organisms is thought to be essential to maintain the high prevalence of Bartonella among wild rodents; however, the mechanisms and participation of blood sucking arthropods have not been fully investigated.
In this study, fleas from wild rodents were assessed as a possible vector of Bartonella by detection and comparison of Bartonella DNA from the isolates of the host animals and fleas. Furthermore, we examined the distribution of the DNA in the flea organs and discussed the mechanisms of the transmission of Bartonella by fleas among wild rodents.
MATERIALS AND METHODS

Wild rodents and Bartonella strains:
Fifty-three wild rodents (Nos. 1-53) were captured using Sherman traps around Sapporo in Hokkaido Prefecture, Japan, in August 2005. Bartonella was isolated from 36 (67.9%) animals, and the species were identified as described in a previous study [12] . The prevalences of Bartonella species among the wild rodents used in this study are summarized in Table 1 .
Flea samples and DNA extraction: A total of 40 rodent fleas (n=15 and n=25 for males and females, respectively) were collected from 27 of 53 rodents and kept in 70% ethanol for further investigations. The species of fleas were morphologically identified as Ctenophthalmus congener truncus (n=32), Neopsylla sasai (n=5) and Hystrichopsylla microti (n=3; Table 2 ). The lymph, midgut, and ovaries were carefully separated under a stereoscopic microscope with aseptic needles, and the DNA from the organs was extracted using a DNeasy tissue kit (Qiagen, Inc., Valencia, CA, U.S.A.) [7] .
PCR of gltA and rpoB in flea samples: Nested PCR was applied for the detection of rpoB and gltA genes in flea samples, respectively. The primers used for the first amplification of the rpoB gene (966 bp) of bartonellae were 1350F (5'-GGCAATCGTCGCGTTCGTTC-3') and 2350R (5'-CTACCCGATCACCAACATGC-3'), and those for gltA (1,018 bp) were CS.139f (5'-TTTACTTATGATCCKG-GYTTTA-3') and CS.1162r (5'-AWTGCAAAAAG-WACAGTRAACA-3'). The first PCR was performed in a 20-μl mixture containing 20 ng of the extracted DNA, 20 μl of 2 Ampdirect Plus (Shimazu, Kyoto, Japan), 0.5 U Ex Taq Hot Start Version (Takara Bio Inc., Otsu, Shiga, Japan), and 1 pmol of each primer. Amplifications were performed under the following conditions: 1 cycle for 2 min at 94°C; 35 cycles of 30 sec at 94°C, 30 sec at 56 °C and 90 sec at 72 ; and a final extension cycle for 2 min at 72°C for rpoB. For gltA, the conditions were 1 cycle for 3 min at 94°C; 45 cycles for 60 sec at 94°C, 60 sec at 56°C and 90 sec at 72 °C; and a final extension cycle for 10 min at 72°C. The second PCR was performed by using the same protocol used in previous studies [22, 26] .
Ten microliters of each PCR product was run on a 2% agarose gel (Agarose S; Nippon Gene, Tokyo, Japan), and was visualized by staining with ethidium bromide on an UV transilluminator (Image Saver AE-6905C; ATTO, Tokyo, Japan). Each PCR included negative (distilled water) and positive (DNA extracted from B. doshiae R18 T ) controls. Sequencing and phylogenetic analysis of rpoB and gltA: The rpoB and gltA PCR products were sequenced with specific primers for rpoB (1400F and 2300R as described above, and 1600R, 5'-GGRCAAATACGACCAT-AATGSG-3', 2000R, 5'-CGYGGYRCCATRAAAACT-TCWCC-3', and 2000F, 5'-GGWGAAGTTTTRATGG YRCCRCG-3') and gltA (BhCS.781p and BhCS.1137n as described above) using an Applied Biosystems Model 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA, U.S.A.). The sequences were aligned with those of type strains of Bartonella by using Clustal X. The MEGA 3.1 software was used for the phylogenetic analysis of the obtained sequences. The neighbor-joining (N-J) method by Kimura's 2-parameter distance method and bootstrap calculation were carried out for 1,000 resamplings.
Statistical analysis: The positive rates were analyzed by 2×2 tables, and the chi-square test was used to determine statistical significance. P<0.05 was considered to be significant. Table  2) .
RESULTS
Detection of Bartonella
Bartonella DNA from flea organs was examined using 16 positive fleas (7 male, 9 female). The DNA was detected from the midgut of all 16 fleas. Furthermore, in the organs of the fleas, DNA was in found in the midgut only (7/16), midgut and ovary (5/16), midgut and hemolymph (3/16), and midgut, hemolymph and ovary (1/16), respectively. The DNA sequences of gltA and rpoB detected from different organs were completely identical in the individual fleas (data not shown).
Phylogenetic analysis of Bartonella spp. isolated from wild rodents and fleas: Phylogenetic trees were constructed based on the DNA sequences of the gltA (Fig. 1-1) and rpoB ( Fig. 1-2 ) genes from the rodent isolates and fleas. All the type strains of 12 Bartonella species (includes 2 subspecies) isolated from rodents were included in the phylogenetic analysis. Agrobacterium tumefaciens strain C58 and Brucella melitensis strain 16M T were also included as outgroups. The DNA sequences of gltA were classified into 3 genotypes from B. grahamii (Bg-g1, Bg-g2 and Bg-g3), 2 genotypes from B. taylorii (Bt-g1 and Bt-g2) and a genotype from B. japonica (Bj-g1; Table 4 ). The DNA sequences of rpoB were classified into 6 genotypes from B. grahamii (Bg-r1 to Bg-r6), 6 genotypes from B. taylorii (Bt-r1 to Btr6) and a genotype from B. japonica (Bj-r1; Table 4 ). The DNA sequences of the gltA and rpoB genes of Bartonella spp. isolated from rodent No. 36 were identical to those from the fleas found on it. Both of the Bartonella species isolated from the rodents (Nos. 8, 12, 33 and 47) and the corresponding DNA from the fleas found on them were classified as B. grahamii, although their genotypes were not identical to each other. Different species of Bartonella DNA were detected from rodent Nos. 14, 18, 19, 22, 27, 28, 43 and 45 and the fleas found on them. The novel gltA and rpoB genotypes have been submitted to nucleotide databases of GenBank, EMBL and DDBJ with the following accession numbers: AB469818 to SB469821.
DISCUSSION
Bartonella species can cause a latent and relapsing infection in their host animals [17] , and this may result in the high prevalence of Bartonella among wild rodents. Furthermore, effective transmission of the organisms is thought to be indispensable to maintain the high prevalence of Bartonella in natural environments.
In the present study, 40.0% (16/40) of the rodent fleas tested were positive for Bartonella DNA by PCR. Previous studies have reported the detection of Bartonella DNA from several species of flea with positive rates ranging from 2.2% (21/937) in Egypt to 26.0% (20/77) in Afghanistan [10, 20, 21, 23, 25] . In particular, B. grahamii, a causative agent of neuroretinitis in humans, was reported to be the most dominant species among wild rodents in Japan [12] . In this study, the DNA was also detected from 5 of 40 fleas on the rodents. Assessment of the possibility that the fleas carrying B. grahamii could be a vector for infection of humans is required.
The DNA of the isolates from rodent No. 36 was identical to that from each of the infested fleas, suggesting that the rodent flea acquired bartonellae from the infested rodents and that the fleas may play a potential role in the transmission of Bartonella among wild rodents. Supporting this hypothesis, Bown et al. [6] reported that 75% (21/28) of naive bank voles (Clethrionomys glareolus) housed with wild-caught fleas for 4 weeks became bacteremic with Bartonella. However, it is important to note that PCR detection of Bartonella in fleas does not necessarily mean active infection in the host.
The Bartonella DNA was detected in hemolymph and the midguts of the positive fleas, indicating the possibility that the organisms might accompany blood cells and be absorbed through the midgut and distributed into the body. Furthermore, four out of the nine female fleas were positive for the DNA in their ovaries. Rickettsia typhi and R. felis have been shown to cause transovarial transmission in fleas [2, 11] . Further studies are needed to examine the possibility that Bartonella survives by vertical transmission in fleas.
Three species of fleas, i.e., C. congener truncus, N. sasai and H. microti, were obtained from the wild rodents in the present study. All of the DNA detected from C. congener truncus fleas found on M. rufocanus bedfordiae were from B. taylorii, indicating that specific transmission of B. taylorii was established between M. rufocanus bedfordiae and C. congener truncus. On the other hand, N. sasai was collected from A. speciosus and A. argenteus, but not from M. rufocanus bedfordiae. The only DNA detected from N. sasai was that of B. grahamii, which had been isolated from a rodent of the genus Apodemus. In addition, the DNA of B. grahamii and B. taylorii were detected from 3 and 8 of C. congener truncus fleas found on A. speciosus, respectively, but no B. taylorii were isolated from Apodemus mice used in this study. Although C. congener truncus fleas from A. speciosus harbored B. taylorii (32.0%) more frequently than B. grahamii (12.0%), B. taylorii was not isolated from the rodents examined in this study. These results suggest the possibility that host-parasite specificity exists between Apodemus mice and B. grahamii and that transmission may be accomplished by N. sasai and/or C. congener truncus.
This study indicated host-parasite specificity between B. grahamii and Apodemus mice and between B. taylorii and M. rufocanus bedfordiae, respectively, in Japan. However, B. grahamii and B. taylorii have been isolated from wild voles as well as Apodemus mice in the U.K. and Canada [5, 14] . The efficacy of Bartonella transmission may differ depending on the rodent and flea species combination [1] . Efficient transmission by favorable vectors in wild rodents and optimal host-parasite interactions could contribute to Fig. 1 . Phylogenetic analysis of the DNA derived from the Bartonella isolates of wild rodents and the fleas found on them based on the sequences of gltA (312 bp) and rpoB (825 bp). The tree was constructed by the N-J method based on gltA ( Fig.  1-1) and rpoB ( Fig. 1-2 T were also included as outgroups. Genotypes for gltA found in this study, including three genotypes from B. grahamii (Bg-g1 to Bg-g3), two genotypes from B. taylorii (Btg1 and Bt-g2) and a genotype from B. japonica (Bj-g1), are indicated by boldface ( Fig. 1-1) . Genotypes for rpoB found in this study, including six genotypes from B. grahamii (Bg-r1 to Bg-r6), six genotypes from B. taylorii (Bt-r1 to Bt-r6) and a genotype from B. japonica (Bj-r1), are indicated in boldface ( Fig. 1-2) . Bootstrap values were obtained with 1,000 replicates. Corresponding accession numbers for each genotype are indicated in parentheses. 
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the high prevalence and long-term infection of Bartonella species. Further studies are needed to confirm the host-parasite specificities between the Bartonella and rodent species.
